We studied local cerebral metabolic rates for glucose (ICMRglc) with '8F-2-fluoro-2-deoxy-~glucose and positron emission tomography (PET) in 30 patients with olivopontocerebellar atrophy (OPCA) and 30 age-matched control subjects without neurological disease. The diagnosis of OPCA was based on the history and physical findings and on the exclusion of other causes of cerebellar ataxia by means of laboratory investigations. Computed tomographic scans revealed some degree of atrophy of the cerebellum in most patients with OPCA, and many also had atrophy of the brainstem. PET studies in these patients revealed significant hypometabolism in the cerebellar hemispheres, cerebellar vermis, and brainstem in comparison with the normal control subjects. A significant relationship was found between the degree of atrophy and the level of ICMRglc in the cerebellum and brainstem. Nevertheless, several patients had minimal atrophy and substantially reduced ICMRglc, suggesting that atrophy does not fully account for the finding of hypometabolism. ICMRglc was within normal limits for the thalamus and cerebral cortex. The data suggest that PET/ ICMRglc may be useful as a diagnostic test in patients with the adult onset of cerebellar ataxia, Gilman S, Markel DS, Koeppe RA, Junck L, Kluin KJ, Gebarski SS, Hichwa RD. Cerebellar and brainstem hypometabolism in olivopontocerebellar atrophy detected with positron emission tomography.
Olivopontocerebellar atrophy (OPCA) is a progressive neurological disorder characterized by neuronal degeneration in the cerebellar cortex, pons, and inferior olives 11-41. The disease occurs both sporadically and genetically, with either autosomal dominant or autosomal recessive transmission. Based on pathological findings at necropsy, OPCA is one of three adult-onset idiopathic degenerative diseases involving the cerebellum, the other two being cerebellar-olivary degeneration (COD) [4, 5-71 and parenchymatous cerebellar cortical atrophy (CCA) 12, 6, 8). These three types of cerebellar degeneration are difficult to distinguish clinically without neuropathological confirmation in sporadic cases or neuropathological verification in at least one afflicted family member in cases with hereditary transmission. It has been argued that pathological classifications should not be used for clinical categorization of the cerebellar ataxias 121. Nevertheless, the term OPCA is firmly established in the clinical diagnostic nomenclature for patients with idiopathic cerebellar degeneration 191, even though some cases of OPCA described clinically actually may be revealed as cases of COD or CCA on ultimate pathological examination.
OPCA is characterized by a progressive cerebellar ataxia, usually beginning with a disorder of gait and dysarthria and later evolving into a severe disturbance of coordinated movements of all the limbs. Frequently associated clinical features described in the literature include ophthalmoplegia; optic atrophy; pigmentary retinal degeneration; dementia; extrapyramidal abnormalities, including rigidity, chorea, and athetosis; amyotrophy of the limbs or tongue; and symptoms of bulbar degeneration 11-41. At times OPCA includes a widespread multisystem atrophy involving elements of the Shy-Drager syndrome with a combination of cerebellar ataxia, extrapyramidal disease, and autonomic insufficiency. A progressive cerebellar disorder in adult life can result from many disease processes, including malformations, degenerations, vascular diseases, infections, neoplasms, remote effects of neoplasms, toxidmetabolic disorders, and demyelinating disease. The diagnosis of OPCA or one of the other adult-onset degenerative diseases is usually suggested by the presence of atrophy of the cerebellum and brainstem on CT scanning, often in association with abnormalities of brainstem auditory evoked responses and peripheral nerve studies. None of these tests is diagnostic for OPCA, and an extensive evaluation usually is needed to rule out the many other possible causes of progressive ataxia in an adult.
Positron emission tomography (PET) scanning is a noninvasive imaging technique used to examine biochemical or physiological processes of the body such as metabolic activity of the central nervous system, blood flow, neurotransmitter activity, and neurotransmitter receptor density. The present investigation was initiated to study the metabolic activity of the central nervous system in OPCA and to develop a noninvasive test that will be helpful in the diagnosis of this condition. At present, in the absence of a positive family history or in the presence of a positive family history but without autopsy confirmation, the diagnosis of OPCA can be made only by excluding other causes of cerebellar disease. If a distinctive pattern of metabolic activity can be detected in OPCA with PET scanning, this procedure may provide a noninvasive method of helping to establish the diagnosis. In families known to have OPCA, PET scanning may be used to detect individuals with the disease in advance of the onset of symptoms. In addition, PET scanning may provide a means of detecting involvement of structures other than the cerebellum and its connections in patients with OPCA who have multisystem involvement. Preliminary findings from this study have been published 122, 231.
Methods
The individuals studied consisted of 30 patients with OPCA and 30 normal control subjects (Table 1 ). The studies were approved by the institutional review board of the University of Michigan Medical Center, and informed consent was obtained from all subjects. The normal control subjects had no A search conducted for an occult malignancy included a pelvic examination in the women, a prostate examination in the men, determination of acid phosphatase levels, stool guaiac tests for occult blood, and chest x-ray films. Normal control subjects and OPCA patients were studied in the University of Michigan Cyclotron/P.E.T. Facility while lying supine, awake, and blindfolded in a quiet room. Scans were performed 30 to 75 minutes after injection of "F-2-fluoro-2-deoxy-D-glucose ('*F-FDG). "F-FDG was synthesized by a modification of the method of Ehrenkaufer and colleagues [24] . Radiochemical purity was greater than 95%. Five to ten millicuries were injected intravenously and PET scans were performed with a TCC PCT 4600A tomograph having an in-plane resolution of 11 mm full width at half maximum (FWHM) and a Z-axis resolution of 9.5 mm FWHM. Five planes with 11.5-mm center-to-center separation were imaged simultaneously. Four sets of scans were taken per patient, including two interleaved sets through lower brain levels and two interleaved sets through higher brain levels for a total of 20 slices, each separated by 5.75 111111. Attenuation correction was calculated by the standard ellipse method, modified to account for attenuation from the head holder and skull.
Blood samples were collected from the radial artery. Local cerebral metabolic rate for glucose (ICMRglc) was calculated using a three-compartment model and single scan approximation described by Phelps and associates [25] with graymatter kinetic constants derived from normal subjects 1261.
Regions of interest (ROIs) were studied in the cerebellar hemispheres, vermis, brainstem, thalamus, and cerebral cortex. Data were collected from the ROIs by placing a 22 x 11 mm parallelogram over each cerebellar hemisphere, an 11 x 18 mm rectangle over the vermis, an 11 X 15 mm rectangle over the brainstem, and an 11 x 1 I mm square over each thalamus (Fig lA, B) . Each ROI was centered over a local peak in 1CMRglc. (For reference, an individual image ele- 
Fig 1. Positron emission tomography scans shwing cerebral glucose utilization as detected with 'a~-2-fEuoro-2-deoxy-D-g~ucose.

Scans in A , C, and E s h w a horizontal section at the level of the cerebellum and the base of the temporal and frontal lobes. Scans in B, D, and F show the level of the basal ganglia and thalamus. Color bars in C, D, E, and F indicate the rate of glucose utilization (mgll00 gmlmin). (A,
B
(F).
ment Ipixel] is 3.75 mm x 3.75 mm in size.) Data were obtained from two slices containing the cerebellum and brainstem and from one slice containing the thalamus. ROIs from the cerebellar vermis were posterior to the fourth ventricle. The brainstem ROI chiefly reflects the pons, but the mesencephalon or medulla oblongata could be partially represented. Data from the cerebral cortex were obtained by measuring lCMRglc in the cortical ribbon from five consecutive slices, beginning with the lowest slice containing the basal ganglia. This was accomplished using a computerized routine that enhances the contrast in the images, then selects a band 15 mm wide extending inward from the cortical rim. CT scans were obtained in OPCA patients with a GE 9800 instrument. The scans were read by a neuroradiologist (S.S.G.) who was informed only of the patient's age and diagnosis. The neuroradiologist was unaware of the patient's clinical history or findings on PET study. A rating scale was devised to quantitate the degree of atrophy in each cerebellar hemisphere, the cerebellar vermis, and the brainstem ( Table  2) .
Student's t test was used for statistical analysis of the data to compare the patients who had OPCA with a group of ageand sex-matched control subjects. A Spearman rank correlation test was used to assess the relationship between CT rating and 1CMRglc.
Results
Clinical Cbaractwistics
The patients with OPCA consisted of 13 men and 17 women with an average duration of illness of 6 k 5 years and a range from 1 to 22 years. Fourteen patients had a family history of a similat illness in first-degree relatives, and 16 were sporadic cases. Among the patients with a positive family history, all except l had a history compatible with autosomal dominant transmission. One patient's history was compatible with autosomal recessive transmission.
The patients all presented with complaints of difficulty in walking. Most also had complaints of speech disorder and incoordination of limb movements, causing difficulty with fine movements such as handwriting. Examination in all patients revealed ataxia of gait and of limb movements ranging from mild to severe. Seven regularly used a wheelchair because of severe ataxia. Most had abnormal extraocular movements, including saccadic pursuit movements, overshoot dysmetria, and gaze paretic nystagmus. All had dysarthria with a combination of ataxic and spastic speech characteristics.
Nine patients had h b spasticity, 6 had hyperreflexia, and 8 had extensor plantar responses, but only 2 had limb spasticity, hyperreflexia, and extensor plantars. One patient had features of parkinsonism, with akinesia, masked face, and tremor, as well as symptomatic postural hypotension. PET Studies spheres, cerebellar vermis, and brainstem, while reThe scans of patients with OPCA in comparison with maining within normal limits in the thalamus ( Table 4) . those of the normal control subjects showed decreased Figure 2 shows the mean ICMRglc normalized to glucose metabolic activity in the cerebellar hemithe cerebral cortex for the brainstem, cerebellar verspheres, vermis, and brainstem, with no obvious abmis, cerebellar hemispheres, and thalamus in each panormality of activity in other portions of the brain tient with OPCA and normal control subject. This (Fig 1 C-F) . Means and standard deviations (SD) of figure demonstrates that lCMRglc in these patients is 1CMRglc in patients with OPCA compared to those more than 2 SD below the mean of normal control of control subjects appear in Table 3 In 24 of the 30 patients with OPCA, at least one cerebellar or brainstem region showed ICMRglc values, normalized fr, cerebral cortex, to be decreased below 2 SD from the mean of the control subjects. Thus, 80% of patients with OPCA had at least one markedly hypornetabolic region detected by PET. Only 2 control subjects had one or more regions below 2 SD from the mean of the normal group, indicating a false-positive rate of 6.7% in using the above criteria for detection of cerebellar and brainstem hypometabolism with PET.
lCMRglc was determined separately in male and female subjects, and the results showed significant decreases of lCMRglc in the cerebellar hemispheres, cerebellar vermis, and brainstem in patients of both sexes (Tables 5 and 6). The age of onset and duration of the disease were not correlated with cerebellar 1CMRglc. We compared lCMRglc in patients with and without signs of corticospinal tract involvement as manifested by spasticity, hyperreflexia, or extensor plantar responses and found no significant difference. We examined ICMRglc in patients with sporadic (as compared with familial) OPCA (Tables 7 and 8 ). The mean lCMRglc is consistently lower in the sporadic cases and reaches statistical significance at the 95% confidence level for the cerebellar vermis and hemispheres, but not for the brainstem.
CT Scans
The CT scans of the patients with OPCA showed variable degrees of atrophy of the cerebellum and brainstem (Fig 3) . In some, the atrophy was within normal limits for the patient's age. In most, however, the cerebellum showed focal or generalized atrophy of the folia, with enlargement of the sulci and dilatation of the fourth ventricle, and the brainstem was smaller than normal for the age of the patient. The cerebral hemispheres generally appeared normal for the age of the patient. The degree of atrophy in the cerebellar vermis, cerebellar hemispheres, and brainstem was quantitated with rating scales, and the resulting data were plotted against 1CMRglc. Figure 4 shows the mean lCMRglc in The shaded region in Figure 4 indicates the range of 2 SD of ICMRgk in the normal control group. This shows that several patients with OPCA have marked hypometabolism but only minor degrees of atrophy.
Discussion
The diagnosis of OPCA is a clinical one based on the history and neurological examination, the demonstration of cerebellar and often brainstem atrophy in CT scans, and the absence of other conditions causing Cerebellar ataxia. In this study, we carefully selected patients in whom the diagnosis of OPCA seemed extremely likely. All patients in our study had ataxia that affected gait, limb coordination, extraocular movements, and speech. The speech disorders were characterized by a mixture of ataxic and spastic dysarthria, with a predominance of ataxic dysarthria in most. The majority of patients had a pure cerebellar ataxia without clinical signs of involvement of other CNS structures, although 11 had evidence of corticospinal tract involvement, with hyperreflexia and extensor plantar responses, and 1 had symptoms and signs of parkinsonism. We had no patients with chorea, myoclonus, retinal degeneration, or ophthalmoplegia. PET studies of our patients revealed significantly decreased ICMRglc in the cerebellar hemispheres, vermis, and brainstem in comparison with age-and sexmatched control subjects. No abnormality of 1CMRglc was found in the cerebral cortex or thalamus. Thus, the abnormality appears to be specific for the cerebellum and its brainstem connections. The in-plane resolution of the scanner used in these studies is approximately 11 mm, and the vermis and brainstem are only slightly larger than this. Nevertheless, recovery of activity from these structures is both stable and high. The veri mal region and the brainstem can be identified easily, and their values are close to the values found in the cerebellar hemispheres. Our measurements of the vermis are taken posterior to the fourth ventricle, so that partial volume averaging from that structure should contribute only slightly to our measurements.
The basis for the decreased metabolic activity is probably a decrease in the number of axons, synaptic terminals, and cell bodies in the structures under investigation. This seems likely because the patients' CT scans showed variable degrees of atrophy in the brainstem and cerebellum. Moreover, a significant relationship was found between the degree of atrophy in the cerebellum and brainstem and the metabolic rates of these tissues. This finding raises the possibility that the apparent hypometabolism in the cerebellum and brainstem results from partial volume effects, that is, decreased tissue mass and increased amounts of cerebrospinal fluid in the tissues under investigation. The surviving synaptic connections could have decreased or normal metabolism. The finding that several patients with OPCA have significant hypometabolism with minor degrees of atrophy suggests that atrophy with partial volume averaging does not fully account for the degree of hypometabolism detected. At present, we are not able to determine with certainty to what extent the decreased ICMRglc values represent decreased metabolism per gram of viable tissue and to what extent they reflect decreased tissue mass with partial volume averaging. This determination will be assisted by the development of more refined and objective methods of evaluating atrophy, a task that is currently in progress 1271.
The findings in this study correspond well to the major neuropathological abnormalities observed on examination of the brain in OPCA. These consist of degenerative changes in the cerebellar vermis and hemispheres, pons, and inferior olives [l, 2,6,28,29] . On microscopic examination, most cases show a variable loss of Purkinje cells, a reduction in the number of cells in the molecular and granular layers, demyelination of the middle cerebellar peduncle, and marked loss of cells in the pontine nuclei and olives. Many other structures in the CNS frequently are affected, including Clarke's column; anterior horn cells of the spinal cord; corticospinal and spinocerebellar tracts; posterior columns; multiple brainstem nuclei, including the cuneate, gracile, hypoglossal, vestibular, facial, trigeminal, and oculomotor nuclei; dentate nucleus; red nucleus; substantia nigra; and globus pallidus [l, 2). The neuropathological findings in OPCA vary substantially between patients and between families.
The present study demonstrates that PET appears to be a highly useful test in establishing the diagnosis of OPCA. In about two-thirds of patients with OPCA, lCMRglc in the brainstem and vermis was below 2 SD from the mean of the normal volunteers. Moreover, in 80% of patients with OPCA, at least one cerebellar or brainstem region had lCMRglc values, normalized to the cerebral cortex, that were decreased below 2 SD from the mean of control subjects. The scans of only 2 control subjects showed this abnormality, indicating a false-positive rate of less than 7%. Thus, the test has a relatively high sensitivity and a low false-positive rate. The specificity of the finding of cerebellar and brainstem hypometabolism in the pattern shown in this study is unclear. Determination of specificity awaits studies on patients with other diseases affecting the cerebellum, including cerebellar degeneration from alcohol and from the remote effects of neoplasms.
